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(54) FInFET device and a method for manufacturing such device 



(57) The present invention is related to a method for 
fonming a FinFET cornprising the steps of: = 

providing a substrate (1), comprising a semicon- 
ductor layer (2), 

forming in said semiconductor layer (2) active areas 
(4) insulated from each other by field ai^eas (5), 
forming vi^ithin at lekst one of said'active areas (4) 
on said semiconductor layer <2) at least one dunhmy 
gate (9), 

forming, within said at least one of said active areas 
(4) and self aligned to said dummy gate (9). source 



(6) and drain (7) regions In said semiconductor layer 
(2). 

covering said substrate (1) with an insulating layer 
(16) leaving said dummy gate (9) exposed, 
forming an open cavity (25) In said insulating layer 
(1 6) and in said semiconductor layer (2) by pattern- 
ing said dummy gate (9) and said semiconductor 
layer (2) to form respectively a dummy fin (19) and 
a semiconductor fin (17) aligned to said dummy fin 
(1 9), both fins (1 7). (1 9) extending from the source 
(6) to the drain (7) of said at least one active area 
(4), then^y exposing said semiconductor layer (2) 
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Description 

Field of the Invention 

[0001 1 The present inventlbn generally relates to so- 5 
called fin field effect transistors (FET) Integrated In a full 
complementary metal-oxide-semiconductor (CMOS) 
device process flow. More particularly this invention re- 
lates to the integration in such a full CMOS process flow 
of n-type FinFETs and/or p-type FInFETs having a chan- 
nel length of 100 nanometer or less. 

General description of the background of the 
Invention 

15 

[0002] Today's state-of-the-art semicbnductor chips 
feature technology nodes of 0,1 8 micron (1 8b nanome- 
ters) with 0.13 mteron (130 nanometers) ffechnbibgies 
just beginning lo reach the marketplace. Now the indus- 
try plans to ddlver 90 nanometers in 2004, 65 nanom* 
eters in 2007. 45 nanometers in 2010, ^2 nanometers 
in 2013 and 22 nanometers in 2016, This 2001 sched- 
ule, as set f onA^ard In the International Technology Road- 
map for Semiconductors (ITRS) defmed by the Semi- 
conductor Industry Association (SI A), translates to 
smaller chip dimensions earlier in time than previously 
thought. Among the main transistor scaling issues to be 
solved are the need for thinner gate oxides resulting In 
a higher on-current and hence increased switching 
speed, a smaller off-current and lower threshold voltage 
to allow such gate oxide scaling and the use of lower 
supply voltages, a higher channel mobility and smaller 
series resistance of the source/drain regions, in order 
to meet the stringent scaling requirements of this fore- 
cast, non-classical CMOS devices and novel materials, 35 
such as metal gate materials and high-lc gate dielectrics, 
are currently under investigation. 
[0003] One of IhBse non*classical CMOS devices is 
the so-called FInFET, where the gate envelops at least 
partially the channel region, contrary to the classic pla- 
nar device where the gate electrode Is formed in one 
plane on top of the channel region, which Is part of the 
substrate. This substrate further comprises the source 
and drain regions adjacent to the channel region. The 
idea of making a double gale transistor by using the ^5 
sidewalls of a dry-etched silicon (Si) fin as conducting 
channels was published in 1 998 by D. Hlsamoto et al. 
in **A folded-channel MOSFET for deep-sut>-tenth Mi- 
cron Era" in the lEOM Technical Digest 1998 pp 
1032-1034. In the Fin FET a thin gate line straddled a ^ 
thin silicon channel fin. The fabrication process was not 
optimized and was meant solely for single device dem- 
onstration. The proposed process included the use of 
inside spacers, which could decrease the gate length 
beyond the lithographical limits. Howeven the process ss 
had some severe drawbacks. It dtdn*t allow the menu- 
facturing of CMOS devices because poly SIGe was 
used to form the source/drain regions for the pMOS de- 



vice while poly Si was used to fonm the sourc^drain re- 
gions of the nMOS device. The final device was assem- 
bled by subsequently fonning the fin channel, the gate 
and the source/drain regions. The source/drain areas 
were not aligned to the gate. The proposed process also 
didn't allow the integration of SOI CMOS FinFET with 
SOlBiCMOS. 

[0004] Other fabrfcation processes', reported in litera- 
ture, include many variations of one basic fabrication 
process called the "quasi planar" FINFET, Choi et al de- 
scribe such an alternative in "sub 20-nm CMOS FinFET 
technologies", lEDM Technical Digest 200i, pp 
421-424. This alternative is based on 'spacer*' lithogra- 
phy: the pattern of the masking Phosphorous^doped Sil- 
icon Glass (PSG) spacers is transferred to the underly- 
ing Silicon-On-lnsulator (SOI) layer thereby having the 
width of the silicon fins con*esponding to the width of the 
masking spacers. The process only allows submicron 
fins with a single width as determined by the PSG layer 
thickness, In this underlying silicon layer source/drain 
regions can be patterned using conventional lithograph- 
ic processing. Instead of using this ''spacer" lithography 
alternatives are known using e-beam lithography to pat- 
tern the silicon fm channels. Such a FinFET device is 
described in details in "Hlgh-perfomnance symmetric- 
gate and CMOS compatible asymmetrk:*gate FinFET 
devices'* in lEDM technical digest 2001 pp437-440. by 
J. Kedzierski et al. An exarnple of such a device is re* 
produced in the following drawings, wherein the source/ 
drain regions or pads, as they are labelled there, are 
fomned together with the fin channel in the SOI layer us- 
ing optical lithography and a hard mask trimming tech- 
nique. These "quasi planar* FinFET type of processes 
could allow the formation of CMOS devices. In most al- 
ternatives the source/drain areas are not aligned to the 
gate. As all the silicon of the SOI layer outside the 
source/drain pads and the fin area is removed, the de- 
vices are reciprocally insulated aftenwancis by forming a 
planarised oxide layer o^er the individual devices. The 
leakage at the edges of this mesa isolation however 
might degrade devfoe pert^omnance. These **quasi pla- 
nar" FinFET type of processes don*t allow the incorpo- 
ration of metal gates and high-k gate dielectrics easily. 
Especially the use of metal gates is important for CMOS 
devices since tuning of the gale workf unction by choos- 
ing the appropriate gate electrode, material Is probably 
the only way to tune the threshold voltage and thus the 
device performance. 

[0005] In US6252284 a planarised fin device is dis- 
closed. The inventors proposes a complex process 
schema comprising the steps of first forming the fin. pol- 
ishing the fin until its desired height is reached, depos- 
iting and patterning the gate dielectric and electrode as 
to cross the fin, fomning a silicide on the exposed regions 
of the fin, forming source/drain areas by depositing a 
polysilicon layer over the crossing of fin and gate and 
polishing this deposited polysilicon layer down to the 
level of the gate electrode followed by an etch-back of 



2 



3 



EP 1 383 164 A1 



4 



the polished polysillcon layer below the level of the gate 
electrode, forming a silicide on the exposed surface of 
the gate electrode. The proposed process flow is very 
unlikely to be connbihable with classical CMOS process- 
ing as it requires a large nunnber of additibhal process 
steps in an order that is at sonrte points reverse to das- 
steal CMOS processing. 

Aims of the Invention 

[0006] The ainn of the Invention is to offer a double or 
triple gate semiconductor device, manufactured in a 
cost effective w/ay. ThQ device according to the Invention 
is in the submicron range or less. The device Is a CMOS 
or BtCMOS device. 

[0007] Another aim of the invention is to offer a sub- 
micron FinFET that can be fomned in combination with 
standard CMOS and/or BICMOS devk^es. The devices 
according to the present invention overcbme the defi- 
ciencies of the prior art such as short channel effected 
leakage, lack of integratibttlty» lack of sufficient lateral 
isolation between the devices. * " 

[00081 Another aim of the inventtori Is to disclose a 
method for manufacturing such devices. These meth- 
ods allow the full integration of devices according to the 
present invention with standard plariar CMOS and/or 
BiCMOS devices in an easy and cost-efficient way with 
a mininnal number bf additional process steps. These 
methods also allow the use of high-k gate dielectric and 
metal gate electrode within the devices of invention. 

Summary of the Invention 

[0009] In one embodiment of the present invention at 
least one FinFET device is manufactured in a CMOS 
compatible way. 

[001 0] In a semiconductor layer on a substrate active 
areas are fonned/instilated by field regions. On these 
active areas at least one dunnmy gate is formed by de- 
positing a layer or stack of layers and patterning this lay- 
er or stack of layers. Self aligned to and spaced apart 
by the dummy gate soured and drain regions are Incor- 
porated In the semk^onductor layer. Th^ substrate is 
covered with a dielectrib leaving only ihe dummy gate 
exposed. The exposed dummy gate Is piatterned to cre- 
ate a cavity spacing apart tie source iand drliin regions. 
Spacers are formed against the sides of the cavity to 
cover the exposed sklewaHs of the source and drain re- 
gions. The patterning of the dummy gate yields a dum- 
my fin in the cavity extending from the source and drain 
region. This dummy fin is used to pattern the underlying 
semiconductor layer yielding a semiconductor fin con- 
necting the source and the drain. The durhmy fin can be 
completely removed to from a triple gate device, where- 
by the gate dielectric has substantial the same thickness 
when straddling the seriik^onductorfin. If the dummy fin 
is only partially thinned a double gate device is formed, 
whereby a thinner gate dielectric couples the gate elec* 



trode to the semiconductor fin atthe sidewalls. while the 
remaining dummy fin on top of the semiconductor fin iso- 
lates the gate electrode from the top surface of the sem- 
iconductor fin. ^ 

5 [0011] In another embodiment of the present inven- 
tion classical planar CMOS or BiCMOS devices can be 
formed In an Integrated way with a FinFET device ac- 
cording to the present invention. 
[0012] When using the above process sequence pla- 

10 nar CMOS or BiCMOS devices can be made while man- 
ufacturing the FinFET device. On some active areas 
FinFET devices can be fonmed while on other active ar- 
eas planar MOS devices can be formed. If the dummy . 
gate comprises a conduetive layer, e.g. polysllicon. on 

IS top of a dielectric layer, e.g. siliconoxide. this dummy 
gate can serve as the gate of a planar device. The pat- 
terning of the dummy layer In order to form the dummy 
gate Includes then patterning the dummy layers in order 
to form the planar gate. Ion implantation steps can be 

20 formed self-aligned to dummy gale and planar gate to 
form the source and drain regions of both type of devic- 
es. Spacers can be formed against the dummy gate and 
planar gate as is common practice in planar CMOS tech- 
nology. After covering the substrate with a planari^ing 

^5 dielectric leaving only the dummy gate exposed, the pla- 
nar gate remains unaffected and is protected during fur- 
ther processing, e.g. by applying only masked removal 
steps. In case of replacement gate devices the dummy 
gate is not patterned to form the fin but is completely 

30 removed because a replacement gate device differs 
from the classic planar device in that the high-k dielectric 
and/or metal gate is fomied after fonming the device 
structure. 

[0013] In another embodiment of the invention high-k 
35 dielectrics and/or metal conductor are introduced to 
form a FinFET devtee with the desired electrteal char- 
acteristics. The proposed sequence allows Ihe use of 
htgh-k dielectrics as gate dielectrics or metals as gate 
electrode material, because first the device structure is 
40 formed and covered with a protective dielectric only 
leaving the dummy gate exposed. When depositing the 
high-k dielectric and/or a metal gate layer these layers 
are only in contact with the channel part of the semicon- 
ductor fin. 

45 [0014] In another embodiment a CMOS circuit de- 
scribed. This CMOS circuit comprises at least two active 
areas formed In a semiconductor layer, said at least two 
active areas are insulated from each other by field re- 
gions. Each of said active areas comprises at least one 

50 FinFET device. Each of said FinFET devices comprises 
a source and a drain area formed in said semiconductor 
layer, and a spacing in between, and a semiconductor 
fin fonmed in the same semiconductor layer and extend- 
ing in said spacing from said source to said drain. An 

55 insulating oxide covers said CMOS circuit outside said 
spacing, and spacers are formed against the sidewalls 
of said spacing. The CMOS circuit further comprises a 
stack of a gate dielectric and a gate electrode overlap- 
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ping said semiconductor fin. Preferably the gate dielec- 
tric comprises a high-k dielectric. Optionally the gate 
electrode comprises a metal. The stack of gate dielectric 
and gate electrode can be patterned to extend beyond 
said spacing or can be planarized to only fill the cavity 
in between the source and drain region. The CMOS cir- 
cuit can further comprise at least one active area com- 
prising at least one planar FET device, . 

Short description of the drawings 

[001 5] All drawings are intended to illustrate some as- 
pects and embodiments of the present Invention. Devic- 
es are depicted in a simplified way for reason of clarity. 
Not all alternatives and options are shown and therefore 
the invention is not limited to the content of the given 
drawings. Like numerals are employed to reference like 
parts in the different figures . 

[0016] Figure 1 shows a top view of a CMOS Inverter 
circuit according to the present invention. 
[0017] Figures 2a and 2b show respectively the cross 
sections A A and B8 of figure 1 after patterning the dunrv 
my gate stack. Figure 2c shows the top view of figure 2b. 
[001 8] Figures 3a and 3b show respectively the cross 
sections AA and BB of figure 1 after patterning polishing 
the insulating dielectric. 

[001 d] Figures 4a, 4b and 4c show respectively the 
cross sections AA and BB of figure 1 after patterning the 
dummy gate stack. Figure 4d shows the top view of fig- 
ure 4c. ' 

[0020] Figures 5a and 6b show respectively the cross 
sections AA and BB of figure 1 after partially removing 
the patterned dummy gate stack. 
[0021] Figures 6a and 6b show respectively the cross 
sections AA and BB of figure 1 after forming the inside 
spacers Figure 6c shows the top view of figure 6b. 
[0022] Figures 7a and 7b show respectively the cross 
sections AA and BB of figure 1 after patterning the dunv 
my gate stack and removing the dummy gate layers. 
[0023] Figures 8a and 8b show respectively the cross 
sections AA and BB of figure 1 after etching the gate 
electrode. 

[0024] Figures 9a and 9b show respectively th^ cross 
sections AA and BB of figure 1 after planarizing the gate 
electrode. ..^ 

Detailed description of preferred embodiments of 
the present Invention : 

[0025] In relation to the appended drawings the 
present Invention is descried in detail In the sequel. It 
is apparent however that a person skilled in the art can 
imagine several other equivalent embodiments or other 
ways of executing the present invention, the spirit and 
sicope of the present Invention being limited only by the 
temis of the appended claims. 

[0026] The double or triple gate MOSFET Is consid- 
ered as the most promising device architecture for seal* 



ing CMOS into the deep sub*100 nm regime. Improved 
short channel effects and current drive capability are im- 
portant features of this device. The fabricatlpn of this 
device architecture is not straightf onward and several at- 

5 tempts have been made to fabricate these devices in an 
economically acceptable way. As already outlined in the 
prior art section a variety in double gate deyices exist 
and there are different process sequences for manufac- 
turing such double gate MOSFETs each sequence hav- 

w ing its associated advantages and disadvantages. 
Hence the particular order and specific steps in each 
process are critical to describe the fabrication of a par- 
ticular device. Altering a step or sequence in a process 
flow may therefore result in a f^OSFET or CMOS device 

*5 with different characteristics. 

[0027] For the purpose of teaching the invention the 
process for forming a CMOS invertor circuit will be out- 
lined. Rgure 1. shows a lop view of the CMOS invertor 
according to the present invention. The field oxide re-, 
gion 5 feolates the active areas 4 in which respectively 
the nMOS device 40 and the pMOS 41 device of the 
CMOS invertor are fonnned. Both devices have the gate 
electrode 22 in common. This gate electrode 22 strad- 
dles the semiconductor fin 16 connecting the source 6 
and the drain 7 of the MOSFET. The semiconductor fin 
16» the source 6 and the 6ra\T\ 7 area of the transistors 
are formed in the same, continuous, Iayer2 (not indicat- 
ed). Against the sidewalls of the area 8 (not indicated) 
inside the active area 4 and outlined by the source 6, 

so the drain 7 and the field region 5, sidewall spacers 20 
are formed. These sidewall spacers are fonned 20a in 
this region 8 adjacent to the semiconductor fin 16, and 
above 20b the semiconductor fin 16 tttereby offsetting 
the gate electrode 22 from the edges of the source 6 

35 and drain 7 regions. Cross sectional drawings of this in- 
vertor will be used to illustrate various process steps. In 
figures "a* the section AA made along the channel of a 
MOSFET is shown while in figures V the section BB 
along the fin perpendicular to section AA is shown. 

40 [0028] The processing starts with a substrate 1 . Typ- 
ically this substrate 1 is a semiconductor substrate such 
as a silteon or gennanium wafer In a preferred embod- 
iment this substrate is a Sllicpn^On-lnsulator (SOI) wa- 
fer 1, with a top layer of silicon 2 upon an underlying 

4$ oxide layer 3. However a semiconductor wafer 1 can be 
used on which only locally SOI regions are created by 
e.g. only forming a stack of a serniconduclor layer 2 on 
top of a dielectric layer 3 on top of the sui^strale 1 in 
selected areas. This stack can be obtained for example 

so by locally forming the dielectric layer 3 in the selected 
areas,e .g. by growing an oxide, and then locally forming 
the semiconductor layer 2 on this dielectric layer 3, e.g. 
by selective atomic layer CVD, as appreciated by a per- 
son skilled in the art. Within these selected areas devic- 

55 es according to the present invention are formed while 
in the non-selected areas» i.e. the non-SOI regions, clas- 
sical bulk planar CMOS devk^es can be made in this 
substrate 1 . A person skilled in the art will understand 
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that for a bulk FET the channel region or at least the 
space charge region of the channel area formed during 
operation of the device will extend Into the bulk of the 
semiconductor substrate 1 . whereas In case of a SOI 
device a dielectric layer 3 separates the devtee layer 2 
from the bulk of the substrate 1. For the purpose of 
teaching the invention an SOI wafer is used as starting 
substrate. In the semiconductor top layer 2 active area 
regions 4 are defined by fomning field regions 5 that lat- 
erally isolate these active area regions 4> later on in the 
processing transistors will be formed within the perime- 
ter of these active arf a regions 4. The field regions 6 
can be created uslng'standard isolation methods^ such 
as growing a field oxide or fomiing trenches in the sub- 
strate 1 tilled with a dielectric as is known in the shallow 
trench isolation (STI) method, while protecting the active 
area regions 4 with a nitride masking layer; Appnaprlate 
doping of the active area ireglons 4 can be done to result 
in ihe desired doping profiles within the semiconductor 
Iayer2. For example pwelland nwell regions for respec- 
tively receiving the nMOS and pMOS devices are 
formed by doping the active area regions 4 using e.g. 
ion implantation of boron and phosphorous respectively. 
In some of the thus fonried active area's FinFETs ac- 
cording planar CMOS andf^or BICMOS devices can be 
formed. As will be ctear f rom the description the present 
invention allows to combine the formation of FinFET de- 
vices with classical planai^ devices without impacting the 
processing of these standard planar devices, 
[0029] Within each active area 4 that is selected to 
have a FinFET 40.41 to be formed therein, a source re- 
gion 6, a drain region 7 and a gate region 8 are outlined 
by forming a dumrriy gate structure 9i on top of this se- 
lected active areas as shown in figure 2c. The source 6 
and drain 7 regiori ai^e abutted by and aligned to this 
dummy gate structure 9. whereas the gate region 8, i.e, 
the region in between and separating the source 6 and 
drain 7 region, is covered by this dummy gate structure 
9. The dummy gate stmcture 9 can comprise a single 
layer or a stack of layers whatever is appropriate. The 
dummy gate structure 9 can be formed using conven- 
tional semiconductoir processing techniques, such as 
thermally growing an oxide 10 on top of the active area 
region 4 followed by a confonmal deposition, e.g. by 
means of Chemical Vapor Deposition (CVD) process, of 
a top layer 11 . This layer Vi can comprise a polyslllcon 
12 and/or a nitride layer 13. The defK>sited layers, in the 
example of a dual gate device being nitride '13 on top of 
polysilicon 12 on top 6f an oxide layer 10, are then pat- 
terned to yield the dummy^gate structure 9. Preferably 
the step of patterning the dummy gate stack 9 uses op- 
tical lithography and' dry etching. One purpose of this 
dummy gate structure 9 is to dotermine the lateral spac- 
ing V between the sotirce 6 and drain 7 region, hence 
a more relaxed lithognaphic technology can be used for 
this patterning step. For example 248nm or i93nm DUV 
technologies, which are used to define dlrr\ensions in 
the range of 1 00 to 400 nanometer in the photosensitive 



resist layer, can be applied. The dummy gate structure 
9 will be removed later on in the process sequence and 
is at this stage in the process sequence only used to 
space apart the source 7 and drain 8 area. One require- 

5 ment of the material or materials composing the dummy 
gate structure 9 is the ability to remove this material or 
these materials selective to the underlying layers or sur- 
rounding layer. In the example given above the nitride 
layer 13 is selectively removable with respect to the 

10 polysilicon layer 12 of the dummy gate 9* This polysili- 
con layer 12 in Its turn can be removed selective to the 
underlying oxide layer 1 0 using a dry etch process, while 
on its turn this oxide layer 10 of the dummy gate 9 can 
be removed selective to the semiconductor material 2 

75 by wet etching the oxide employing an HF-based solu- 
tion. Other materials know to a person skilled in the art 
can be used to fomn the dummy gate structure 9. Anoth- 
er requirement of the dummy gate 9 is that the layer il 
or at least the top part 13 of this layer 11 can be used 

20 as a polish stop layer when planarising the semiconduc- 
tor using Chemteal Mechanical Polishing (CMP). 
[0030] The standard CMOS devbes. not shown in the 
* drawings, formed on active areas 4 other than the active 
areas 4 in which tho devices according to the present 

^5 invention are fomied, can use this oxide 1 0 as the gate 
dielectric and this polysilicon layer 12 as the gate elec- 
trode layer Patterning the dummy gate 9 also includes 
then patterning the gate stack of the planar CMOS de- 
vices. Preferably dedicated gate dielectric and gale 

30 electrode layers are fomied for these classical CMOS 
devices in which case the layers (10,11) used to form 
the dummy gate stack 9 are only applied to make the 
FinFET according to the present Invention. This dummy 
gate stack 9 can also serve as a dummy gate stack in 

35 order to create replacement gatedevices. United States 
patent US 2001 0049183 A1, hereby incorporated by 
reference in its entirety, illustrates methods for forming 
such replacement gate devices. 
[0031 ] Figure 2a and 2b shows the cross sections AA 

40 and B8 of the inverter after the patterning of the dummy 
gate 9 of the nMOS 40 and pMOS 41 transistor. It is 
obvious for a person skilled in the art that the alignment 
of the dummy gate 9 as shown in figure 2a Is a theoret- 
ical example whereas in processing the dummy gate 9 

45 might overlap on the field regions 5 as to compensate 
for misalignment errors. 

[0032] If a thin film SOI wafer is used as starting sub- 
strate 1 the Initial thickness of the thin SOI layer 2 might 
result in a very high series resistance within the finished 

so transistor or might Impede the growth of a sillcide layer 
on the source 6 and drain 7 areas. For these and other 
reasons the thickness of the SOI layer 2 within the 
source 6 and drain 7 areas can be increased resulting 
in so-called elevated source and drain regions. In a pre- 

55 ferred embodiment the height pf the silicon layer in the 
source 6 and drain 7 regions is Increased by epitaxially 
growing a silicon layer 14 selective on the exposed sil- 
icon starting substrate 2. As the dummy gate structure 
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9 is Still present during this epitaxial growth step only 
the source 6 and drain 7 regions are exposed while the 
gate region 8 is protected and covered by the dummy 
gale 9. The nfiaterlal or materials used. for the dummy 
gate 9, or at least for the parts of the dummy gate 9 that 
are exposed during this growth step, must also be cho- 
sen to not allow any substantial growth of semiconduc- 
tor material on them during the step of fomning elevated 
source and drain areas. The dummy gate 9 masks the 
gate area 8 during the step of selectively growing senrv 
iconduclor material in the exposed source 6 and drain 
7 regions. 

[0033] The source 6 and drain regions 7 are doped to 
obtain n- or p-type source and drain Junctions with the 
desired doping profile for respectively the nMOS 40 and 
pMOS 41 transistor. Preferably ion Implantation is used 
to create a Highly Doped Drain (HDD) profile within the 
source 6 and drain regions 7. The doping profile Is pref- 
erably uniform within the source 6 and drain 7 regions 
both In lateral as well as in vertical direction resulting in 
a uniform electrical cun-ent flow from the junctions 6,7 
towards the gate area 8. As the dummy gate structure 
9 is still present during the step of inr^lanting the source 
6 and drain 7 regions the doping of the exposed source 

6 and drain 7 regions is self-aligned to this dummy gate 
structure 9, Incorporating of the dopants within the 
source 6 and drain 7 regions of the FinFET devices ac- 
cording to the present invention can be done simultane- 
ously With doping their counterparts of the planar MOS 
devices. - 

[0034J Optionally a silicide 15, e.g. T1S12. CoSia, can 
be f omned on the source 6 and drain 7 areas prior to the 
step of covering the substrate surface with a dielectric 
layer, f^ethods for fomning siiicides are known to per- 
sons skilled in the art. The dummy gate 9 allows forming 
selectively siiicides on the exposed souice 6 and drain 

7 areas. 

[0035] A dielectric layer or stack of layers 1 6 is formed 
over the substrate corhprising thef ield regions 5 and the 
active area regions 4 which comprise doped source 6 
regions, doped drain 7 regions and the dummy gate 
structure 9 which covers the gate region 8. This dielec- 
tric layer 16 Is sometimes referred to as the premetal 
dielectric (PMD) as it concludes in conventional CMOS 
processing the front end processing of the active devic- 
es being the planar Cf^OS and/or BiCMOS tmnslstors. 
In a preferred enr^odlment this dieleclrtc layer 16 is an 
oxide or oxide-like layer tonmed using CVD prx>cesses, 
such as plasma-enhanced CVD. After fomning this 
planarising dielectric 16 the substrate Is polished, layer 
11 of the dummy gate structure 9 Is substantially ex- 
posed. This planarization by CMP will provide a surface 
having topography typically within 1 0 to 5%. The top lay- 
er 11 of the dummy gate 9 will act as a polish-stop layer 
during this polishing step In order to have a polishing 
process that uses endpoint detection rather than a timed 
polishing step. During this step only the dummy gates 9 
are exposed while the remainder of the substrate is cov- 



ered with the dielectric 1 6. Figure 3a and 3b shows the 
cross sections AA and BB of the inyertor after polishing 
of the insulating dielectric 16 and exposure of the top 
surface of the dummy gate 9. The active areas in which 

5 the classical planar devices are made, preferably re- 
mains covered with the insulating dielectric 16, 
[0036] After f omiing the lateral isolation 5 of the active 
areas 4 and planarizing the dielectric 16 covering tiie 
substrate 1 thereby exposing the top layer ii of the 

io dummy gate 9, the fin-part of the FinFET will be defined. 
In the active areas 4 in which FinFETs will be formed, 
patterning of the homogeneous semk:onductor layer 2 
is done to yield a semiconductor fin 17 having the de- 
sired cross sectional width "w", The semiconductor fin 

15 connects the source 6 and drain 7 regions. In other ac- 
tive areas where a dummy gate structure is still present 
but where replacement gate MOSFETs are to be 
fonmed, this additional patierning step will be omitted be- 
cause the dummy gate will here be completely removed, 

so while in some active area's classical devices are formed 
without dummy gate and hence this patterning step is 
also obsolete in these areas. 

[0037] In the course of the proposed process flow the 
dummy layers 1 0 and 11 whidi optionally comprises lay- 

25 ers 1 2,1 3, that constitute the dummy gate stack 9, are 
patterned twice to finally form the semiconductor fin 1 7. 
in a first pattering step the dunvny gate 9 is formed to 
outline and to separate and space apart the source 6 
and drain 7 regions. The spacing "s* between the source 

30 6 and drain 7 regions corresponds to the length of the 
semiconductor fin 17. The second patterning step that 
is now introduced, defines the, cross-sectional, width 
"w** of the fin 17 orthogonal to the spacing "s*". The dum- 
my gate 9 and the semiconductor film 2 undemeath it 

35 are patterned to define the fin 1 8 which comprises a top 
element 19 fonmed in the dummy stack materials, e.g. 
oxide 10 and polysilicon 12 and/pr nitride 13 and a bot- 
tom element 1 7 which is the semiconductor fin. The se- 
lective removal of the exposed dummy gate stack 9 and 

40 the underlying semiconductor material 2 can be done in 
a single step. Both the exposed parts of the dummy gate 
9 and the semiconductor material 2 are then removed 
using the resist pattern as a masking layer Figure 4a 
shows the cross section AA in case the dummy gate 9 
and the underlying semiconductor layer 2 are patterned 
In a single step, self aligned to each other, to create an 
open cavity 25 in which respectively the dummy fin 19 
and the semiconductor fin 1 7 are present The selective 
removal of the exposed dummy gate stack 9 and the 

so underlying semk:onductor material 2 can also be done 
in a two-step process. First the dummy gale 9 is pat- 
terned to yield the top element 1 9 using the resist pattern 
as a masking layer as shown in figure 4b. By patterning 
the dummy gate a part of the open cavity 25 is now cre- 

55 ated In the dielectric 16 whose. dimensions correspond 
to these of the dummy gate 9. Within this cavity a du mmy 
pattern 18 remains extending from the source to the 
drain. After removing this patterned resist layer the pat- 
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lerned dummy gate stack or dummy fin 19 serves as a 
hardmask for the etching selfaligned to the dummy fin 
19 the semteonductpr film 2 to yield the semiconductor 
fin 17. In this second etching step the partially formed 
open cavity 25 is extended from the planarized dielectric 
16 into the underlying semiconductor layer 2 to finally 
yield the complete open cavity 25 separating the source 
6 and drain 7 area.. The patterning of the fin 1 8 can be 
done using any lithographic technology, iFor example 
photolithographic technologies such as 248nm or 
193nm DUV technology, which are used to define di- 
mensions in the range of 100 to 400 nanometer in the 
photosensitive resist layer, can be applied! In a pre- 
ferred embodiment of the invention e-beam lithography 
is applied to define dirtiensions in the photosensitive re- 
sist layer of 1 0Onm or less, typically 50nm or less. The 
thus formed resist pattern then masl^ the underlying 
layer or layers during the subsequent etching step Pref- 
erably this etching step Is a dry etching step because 
sub 1 0Onm features are to be formed in the dummy gate 
stack 9 and in the undertying semiconductor material 2. 
Figure 4a shows the cross sectional view AA of the In- 
vertor circuit afterthe durrinny and semlconductorfin pat- 
terned and before the dummy fin 19 is at least partially 
removed. Figure 4b shows the cross sectional view AA 
of the inverter circuit afterthe dummy fin 1 9 is patterned. 
Figum 4c shows a cross sectional view BB of figure 4a, 
Rgure 4d Is a top view of the Inverter circuit at this stage 
of the processing. The substrate 1 is covered with the 
dielectra: 16. Only the cavity 25 between the source 6 
and drain 7 region is expbsed. Within this cavity 25 the 
fin 1 7 (only the dumrny fin 19 is visible In figure 4c) ex- 
tends from the source slcle to the drain side. For the pur- 
pose of teaching the perimeter of the active area 4 is 
indicated by a dashed line in figure 4d. At this stage of 
the processing the cavity 25 Is not filled. As can be seen 
in figure 4d source 6, drain 7 and the semlconductorfin 
1 7 underneath the duhrimy fin 1 9 are formed In the sanne 
semrconductor layer 2. Both source 6 and drain 7 stretch 
out on the left and on the right side of the serrilconductor 
fin 1 7. Because the width of source 6 and drain 7 region 
is larger than the width of the semlcondudor fin 2, con- 
tacting of the source 6 and drain 7 during the back-end- 
of'line processing is nr^ade easier. 
[0038] in csfse of double gate devices, the dummy fin 
19 is partly removed. As shown In figures 5a and 5b a 
lop part 13 of the patterned dummy gate stack 19 is re- 
moved to have the surface of the fin 18 below the level 
of the plananzed dielectric 16. In figure 5d the dashed 
. square show the removed part 13 of the dummy fin 19 
whereby the as-deposited thickness d Is reduced to the 
thickness tf. In the example given the nitride part 13 is 
selectively removed and the polyslllcon part 12 is ex- 
posed. In case of triple gate devtees the complete dum- 
my fm 19 on top of the jpattemed semiconductor film 17 
is selectively removid thereby exposing not only the 
sides but also the top surface of the semk^onductor fin 
1 7 as shown in figures 7a and 7b, 



[0039] After patterning the semiconductor fin 1 7 and 
lowering the surface of the fin 18 below the level of the 
planarizing dielectric 16. a short thermal oxidation can 
be perfomied to oxidize the exposed surfaces of the 

5 semiconductor fin 1 7. The thus-fonmed sacrificial oxide 
will be removed using a wet etching step, e.g. a HF- 
based solution. This sequence of thermally oxidizing 
and wet etching of the thus formed oxide will remove the 
etch damage from the surface of the semiconductor fin 

10 17. The width "w" of the senniconductor fin 1 7 can also 
be reduced, as a controlled part, i.e. the oxidezed part, 
of the semiconduclorf in 1 7 will be removed thereby thin- 
ning the semteonductor fin 17 below its lithographic de- 
fined width. 

IS [0040] At this stage in the processing in the selected 
active area regions 4 a monolithic stnjcture is present 
comprising a homogeneous semiconductor layer 2 in 
whteh a doped source 6 and drain regions 7 and a sem- 
iconductor fin 1 7 in between are formed. A dielectric lay- 

20 er 1 4 covers this monolithic structure only exposing the 
spacing 8 between the source 6 and drain 7 region. 
Within this cavity having lateral dimensions correspond- 
ing to the spacing 8 the fin 1 8 having lateral dimensions 
"s" and "w** connects the source 6 and the drain 7. 

25 [0041] Sidewall spacers are now fomned against the 
side walls of the cavity formed in the dielectric 1 6 and 
the semiconductor layer 2. A dielectric layer 20 typically 
nitride, or a stack of layers, is deposited in a unifomn way 
over the surface of the substrate, followed by anisoirop- 

30 ically etching, e.g. dry etching, this dielectrk: layer 20 to 
form spacers 21 . This etching step creates spacers 
against the walls of the cavity also on top of the lowered 
fin 18. No spacers 21 are fomned on the sides of the fin 
1 7. So the sides of the fin, including the sides of the sem- 

35 iconductor fin 16, are essentially free from the spacer 
dielectric 20 and remain exposed. These Inside spacers 
21 hence overtap the sidewalls of the source 6 and drain 
regions 7 adjacent to the fin 17 and form an Insulating 
layer over these sidewalls. On the top surface of the fin 

40 17 adjacent to the source 6 and drain 7 region also spac- 
ers 21 are fomned. At this stage of the processing the 
source and drain regions are wrapped by dielectric ma- 
terial: in lateral direction at three sides by the field 5 di- 
electric surrounding the active area 4 and by the side- 

4^ wall spacers 21 , in vertical direction by the planarising 
dielectric 1 6 and by the oxide layer 3. The height of this 
. inside spacer 21 depends on the thickness of the de- 
posited layens 20, the thickness of the semiconductor 
layer 2, including the epitaxial layer 14 if present, the 

50 planarising dielectric layer 16 and on the spacer over- 
etch time. By offsetting the top of the fin 18 by at least 
partially removing th© dummy fin 19 process latitude is 
created to free the sides of the fin 17 from the spacer 
material 20 and still have spacers 21 formed against the 

55 sides of the cavity, 

[0042] If replacement gate transistors are to be 
fonned, the complete dumnty gate 9 of these replace- 
ment gate transistors is now selectively removed to ex- 
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pose the unpattemed semiconductor layer:2 in between 
the soun:e 6 and drain 7 region, 
[0043] Figures 6a and 6b shows the cross sections of 
the invertor circuit after forming the inside spacers 20 
for dual gate transistors. Figures 7a and 7b shows the 
cross sections of the invertor circuit for triple gate tran- 
sistors after forming the inside spacers 21 . In this case 
the dummy gate stack 19 Is compteteiy removed from 
the semiconductor fin 17. 

[0044] After forming the doped source 6, the doped 
drain 7 and defining the semiconductor fin 17 in the 
same layer 2 of semiconductor material of the insulated 
5 active area region 4 and covering the surfaces of the 
source and drain regions with dielectrk; layers 16 and 
sidewall spacers 21 , the final gate stack is formed. This 
gate stack is used for both the FinFET devices accord- 
ing to the present Invention as v/ell as for the replace- 
ment gate devices. First the gate dielectric 22 Is formed 
at least on the exposed surfaces of the semicondtxrlor 
fin 17 and of the exposed suttace of the unpattemed 
semiconductor layer 2 in case of the replacement gate 
device. This gate dielectric 22 can be an oxide, formed 
by thermal oxidation of the exposed semioonductornrta- 
tertal. High-k materials allowing a smaJI equivalcnt-ox- 
ide-lhickness (EOT) for thicker layers can also be ap- 
plied. Such layers can be deposited over the surface of 
the substrate or selectively formed on the exposed sur- 
faces of the semiconductor fin 17. e.g. by atomic layer 
CVD. Then conductive materia! 23 is deposited, typical- 
ly to conformally cover the surface of the substrate 1 , to 
form, after patterning, the gate ele<^rode 24. The work- 
function of this conductive material 23 must.be selected 
or modified to yield the desired threshold voltage of the 
FinFET. Polycrystalline silicon can be used and its work- 
function can be modified by incorporating the desired 
amount and type of dopants such as B, P, As, Sb, or by 
adding alloys such as Ge, Metals can be applied as gate 
electrode material if these metals posses the desired 
workfunction. In case CMOS devices are fomned appro- 
priate metals are to be selected to fomn respectively the 
nMOS and the pMOS gate electrode. Midgap metals 
can be used to serve as gate electrode for both the 
nMOS and the pMOS transistor. The invention allows 
the use of high-k dielectrics and/or metal gates as the 
Insulating layer 16 is only removed in those areas 8 
where these high-k dielectrics 22 and/or metals 23 
should be applied whereas the other regions remains 
protected by this layer 16. In this embodiment the cavity, 
formed in the planarizing dielectric 14 and In the semi- 
conductor layer 2 by patterning the dummy gate 9 and 
the underlying semiconductor layer 2, is filled with the 
stack of gate dielectric 22 and gate electrode material 
23. 

[0045] If no gate dielectric 22 is present and the gate 
electrode 24 is directly contacting the semiconductor fin 
1 7 a planar BiCMOS device instead of a CMOS device 
can be formed. The source 6 and drain 7 region are then 
used as emitter and collector regions while the gate 



electrode 24 acts as base electrode. 
[0046] The gate of the FinFEt is then defined by pat- 
terning the gate electrode material 23 in such a way that 
the gate electrode 24 extends over the cavity 25. This 

5 T-shaped gate electnsde 24 will overlap the source 6 and 
drain 7 regions, but by selecting an appropriate thick- 
ness for the plariarizing dielectric layer 14 the parasitic 
capacitance between the gate electrode 24 and the 
source 6 and drain 7 regions is kept low compared to 

10 the capacitance of the gate dielectric 21 , Figures 8a and 
8b show the cross section of the invertor circuit for triple 
gate transistors with a T-shaped gate electrode using 
oxide as gate dielectric 22, 

[0047] Alternatively chemical-mechanical -polishing 

15 (CMP) can be used to locally remove the gate electrode 
material 23 and to create a gate electrode 24. In case 
hIgh-k gate dielectrics 21 and/or metals 23 are used, 
CMP Is applied to planarlze the substrate surface and 
to remove at least the gate electrode material 23 outside 

^ the cavity 25 in the planarizing dielectric laye^r 1 6. Fig- 
ures 9a and 9b show the cross section of the invertor 
circuit for triple gate transistors using oxide as gate di- 
electrks 22 when gate electrode material 23 Is polished 
down to the insulating dielectric 16. . 

25 [0048] In a preferred embodiment the semiconductor 
fin 17 was not doped. Optionally an high temperature 
anneal step can be given to diffuse dopants out of the 
ctoped source 6 and drain 7 regions Irrto the semicon- 
ductor fin 1 7. The dopant diffusion into the semiconduc- 

30 tor fin 17 is preferably limited to the region undemeath 
the inside spacer 21 on top of the semiconductor fin 17 
and should essentially not diffuse in the channel region 
26 of the fin. Figure 7b shov^ for the pMOS device 41 
the channel region 26 having a length T located in be- 

35 tween the sidewall spacers 21 on top of the semicon- 
ductor fin 1 7. The thus doped part of the senniconductor 
fin 1 7 forms a good conductive connection between the 
channel part 26 of the transistor and the source 6 and 
drain 7 regions resulting in a lower overall series resist- 

40 ance if the transistor This high temperature anneal step 
can be a separate step, but preferably this high temper- 
ature anneal step also activates the dopants Incorporat- 
ed in all semiconductor elements of the device or circuit. 
In case of a metal 23 or high-k dielectric 22 this anneal 

45 step Is given prior to the deposition of the metal 23 or 
high-k dielectric gate 21 whatever conries first. If a sem- 
iconductor material is used as gate material 23 is 
formed, this outdiffuslon step can be done after the dep- 
osition and doping of the semiconductor gate. The dlf- 

50 fusion of dopants into the semk^onductor fin 17 Is also 
needed to compensate for the offset between source 6 
and drain 7 regions and channel area 26. Fine-tuning of 
the source/drain and well Implantations, and anneal 
conditions is needed in order to provide sufficient out- 

55 diffusion and avoid misalignment between the channel 
26 and the source 6 and drain 7 areas. The process se- 
quence according to the present Invention Is a gate last 
process. Additional process steps can be performed 
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such as additional local manlpuiation and rnodif'tcatlon 
of at least of the channel part 26 of the semiconductor 
rin 17, Examples of such extra local processing are In- 
corporating of Ge In the channel region 26 or nitridatlon 
of the channel region to prevent outdrffuslon of dopants 
from underneath the^spacers 21 into the channel region 
26. 

[0049] A standard back-end-of-iine (BEOL) process- 
ing will complete the processing. This BEdL process 
comprises the steps of forming insulating layers, defin- 
ing vias and trenches in these insulating layers to con- 
tact underlying devices and intercoiinect levels, filing 
these vias and trenches with conducive niaterlals to ol>- 
tain the desired interconnect scheme. A ipersbn skilled 
in the art knov/s this part of a CiViOS process flow and 
the various alternatives, such as dual damascene 
processing. 



Ctalms 

1 . A method for fomr^ing a RnFET comprising the steps 
of: 

providing a substrate (1), comprising a semi- 
conductor layer (2), 

fonning in said semiconductor layer (2) active 
areas (4) insulated from each other by field ar- 
eas (5), 

fonning within at least one of said active areas 
(4) on said semiconductor layer (2) at least one 
dummy gate (9), 

fomiing, within said at least one of said active 
areas (4) and self aligned to said dummy gate 
(9), source (6) and drain (7) regions in said 
semiconductor layer (2). 
• covering said substrate (1) with an insulating 
layer (16) leaving said dummy gate (9) ex- 
posed, 

. - fonning an open cavity (26) in said insulating 
layer (16) and in said semiconductor layer (2) 
by patterning said dummy gate (9) and said 
_ semiconductor layer (2) to form respectively a 
dummy fm (19) and a semiconductor tin (17) 
aligned to said dummy fin (19). both fins (17), 
(19) extending from the source (6) to the drain 
(7) of said at least one active area (4)» thereby 
exposing said semiconductor layer (2) 

2. A method as recited in claim 1 wherein said step of 
forming an open cavity (25) comprises the steps of 
first patterning said dummy gate (9) to fomn said 
dummy fin (19) and then patterning, self aligned to 
said dummy fin (19), said semiconductor layer (2) 
to form said semiconductor fin (17). 

3. A method as recited in claim 1 or 2 further compris- 
ing the steps of : 



reducing the thtekness of said dummy fin (19), 
r forming spacens (21) against the sidewalls of 
said cavity at the source (6). drain (7) and field 
(5) side, and 

5 . forming a gate dielectric (22) and a gate elec- 
trode (24) overlapping said semiconductor fin 
(17). 

4. A method as recited in cfelm 3 wherein, the step of 
10 providing a substrate (1 ) comprising a semteonduc- 

tor layer (2) comprises the step of fomning. at least 
within said at least one of said active areas (4), a 
dielectric layer (3) separating semteonductor layer 
(2) from said substrate (1). 

IS 

5. A method as recited in claim 4 wherein said sub- 
strate ( 1 ) Is a sillcon-on-insulator wafer. 

6. A method as recited in claim 5 wherein the step ol 
so covering said substrate (1) with an Insulating layer 

(16) leaving said dumnrty gate (9) exposed, com- 
prises the steps of: 

forming on said substrate (1) said insulating 
25 layer (16), and 

planarizing said insulating layer (16) until said 
dummy gate (9) is exposed. 

7. A method as recited in claim 6 wherein said dummy 
so fin (19) consists of a stack of layers (10.12,13) se- 
lectively removable to each other 

8. A method as recited in claim 7 wherein the step of 
reducing the thickness of said dummy fin. (19). 

35 comprises the step of removing at least one layer 
(13) of said stack of layers (10.12,13), 

9. A method as recited in claim 8 further comprising 
the step of removing the remaining layers (10, 12) 

40 of said stack of layers (10.12,13). 

10. A method as recited in claim 8 or 9 wherein of the 
'i step of fomning a gate dielectric (22) and gate elec- 
trode (24) overiapping said semiconductor fin (17), 

45 , comprises the steps of: 

depositing a layer of a gate dielectric and a lay- 
er of a gate electrode (23) material on said sub- 
strate (1); 

50 • planarizing said layer of a gate dielectric and 
said layer of a gate electrode material until said 
insulating layer (16) is exposed. 

11. A method as recited in claim 10 wherein the step of 
55 forming a gate dielectric (22) and gate electrode 

(24) overiapping said semiconductor fin (1 7). com- 
prises the steps of: 
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depositing a layer of a gate dielectric and a lay- 
er of gate electrode material (23) on said sub- 
strate (1). and; 

patterning said layer of gate dielectric and said 
layer of gate electrode material to fonn a gate 
dielectric (22) and a gate electrode (24) over- 
lapping said cavity (25). 

1 2. A method as recited in claim 1 0 or 11 wherein said 
layer of a gate dteiectric comprises a layer of a high* 
k dielectric. 

13. A method as recited in claim 10 or 11 wherein said 
layer of a gate electrode material comprises a metal 
layer 

14- A method as recited in any one of the preceding 
claims further comprising the step of fomiing at 
least one planar FET device on an €u;tlve area (4) 
other than said at least one of said active areas (4). 

1 5. A method as recited in claim 1 4 wherein the step of 
forming at least one dummy gate (9)» comprises the 
steps of: 

depositing a stack of a dielectric layer (10) and 
a conductor layer (12), and 
patterning said stack of layers to form at least 
one duhnmy gate (9). 

16. A method as recited in claim 1 5 wherein the step of 
patteming said stack of layers (10, 12) to form at 
least one dummy gate (9), comprises the step of 
forming the gate of said planar FET devtea. 

17. A CMOS circuit, comprising: 

at least two active areas (4) fomned in a semi- 
conductor layer (2), said at least two active ar- 
eas (4) insulated from each other by field re- 
gions (5). 

each active area comprising at least one Fin- 
FET devtee (40,41), 
- each of said at least one FinFET devices 
(40,41 ) comprising a source (6) and a drain (7) 
fomned In said semiconductor layer (2), and a 
cavity ((26)) in between, wilh a sernlconduclor 
fin (1 7) fomied in said semk:onductor layer (2) 
and extending in said cavity (25) from said 
source (6) to said drain (7). 
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19. A CMOS circuit as recited in claim 18 further com- 
prising a stack of a gate dieledrtc (22) and a gate 
electrode (24) overtappiri^ said semiconductor fin 

(17), \ ' ■ 

20. A CMOS circuit as recited in claim 19 wherein said 
gate dielectric (22) comprises a high-k dielectric. 

21. A CMOS circuit as recited in claim 19 wherein said 
gate electrode (24) comprises a metal. 

22. A CMOS circuit as recited in claims 1 9 wherein said 
stack of a gate dielectric (22) and a gate (electrode 
(24) extends beyond said cavity (25). 

.23. A CMOS circuit as recited in claims 19 wherein said, 
stack of a gate dielectric (22) and a gate electrode 
(24) Is coplanar with said Insulating oxide (1 6). 



^0 24. A CMOS circuit as recited in all foregoing claims fur- 
ther comprising at least one acth/e area comprising 
at least one planar FET device. 



2S 



30 



35 



40 



45 



SO 



18. A CMOS circuit as recited in claim 17 further com- 
prising: 

an insulating oxide (16) covering said CMOS 
circuit outside said cavity (25) , and 
spacers (2 1 ) formed against the Inner sidawalls 
of said cavity (25). 
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